its many logistical problems. In contrast, thallium-201 scintigraphy, which was initially developed for myocardial imaging, offers the principal advantage of immediate imaging and diagnosis although it had not been investigated previously for use in pulmonary disease. In this study, thallium and gallium were prospectively compared with each other for the diagnosis of a variety of lung diseases. The overall concordance rate was 75%. Thallium was found to be significantly more sensitive than gallium for the entire group studied (N=51, p<0.006). In a subset of patients in whom a firm diagnosis was established, thallium was also found to be Imaging of the chest with gallium scintigraphy complements chest radiography in the diagnosis of neoplastic, inflammatory, and granulomatous disease.1-3 Gallium is transported by siderophores that are present in leukocytes. In the normal heart, gallium intensity is equal to that of the soft-tissue background and is considered negative. Thallium-201 was developed for myocardial imaging because of its biologic similarity to potassium, the main intracellular cation.4 In the absence of disease, thallium was found to accumulate in the heart and clear rapidly from the blood with good contrast between the heart and surrounding tissue.5'6 Since then, thallium has been used extensively for the detection of ischemic myocardium, which is evident by decreased uptake. Its clinical utility was also investigated for use in the diagnosis of a variety of tumors.7-9 In these years of clinical use, case reports identified various extracardiac sites of thallium uptake, principally in the lung, that could not be identified. 10 The focus of thallium uptake in the detection of coronary artery disease (CAD) shifted focus from imaging only the heart when diffuse uptake of thallium was noted in the lung." The lung to heart ratio of thallium uptake was then proposed for the noninvasive diagnosis of CAD. 12 In contrast to gallium, thallium scintigraphy offers several advantages, including the following: immediate imaging; the ability to perform subsequent nuclear imaging tests immediately; and a lower energy level, thus presenting less risk to patients and hospital personnel, and allowing imaging with portable cameras that facilitates its use in critically ill patients and in an outpatient setting.
In the present study, we have prospectively compared the use of gallium-67 and thallium-201 for the detection of pulmonary disease. As a result of our large clinical experience with cardiac thallium scans, we noted increased lung uptake that could not be attributed to known causes. Although abnormal thallium uptake has been extensively documented, to our knowledge, its use in the detection of parenchymal lung disease has not been studied previously. Its greatest utility would be in the detection of lung disease in patients presenting with a normal chest radiograph (CXR). We also sought to define those parenchymal lung diseases that would spuriously alter the lung to heart ratio.
METHODS AND MATERIALS
During an 8-month period at the Newark (NJ) Beth Israel Medical Center, a metropolitan tertiary care hospital, patients with unknown lung disease were studied after being identified by medical house staff and referred to the pulmonary service for consultation. Patients in whom gallium scintigraphy was indi-TI-201 and Ga-67 Citrate Scintigraphy for Diagnosing Pulmonary Disease (Miller et al)cated, and gave informed consent, first received 2 to 3 mCi of thallous chloride-201 intravenously. Imaging was performed 5 min later with a stationary large field of view camera equipped with a low-energy collimator using a 20% window centered around the 70 and 167 keV photopeaks, or when logistically indicated, with a mobile camera. Imaging was collected in a 128X128 byte mode matrix format in the anterior, 500 left anterior oblique, and 50°right anterior oblique projections. About 500,000 counts were collected per image. The patient then received 6 to 7 mCi of gallium-67 citrate with imaging done at 72 h with the same stationary camera centered on the 185, 193, and 247 keV photopeaks. Identical planar images of the chest were obtained in the anterior, 500 left anterior oblique, and 500 right anterior oblique views. A total of 500,000 counts were collected for each view.
Each scan was prospectively analyzed by two blinded nuclear physicians to render a single consensus opinion. The scans were divided into four categories for the purpose of analysis: (1) Tl+Ga-, indicating abnormality present on thallium but absent on gallium; (2) Tl-Ga+, indicating abnormality absent on thallium but present on gallium; (3) Tl+Ga+, indicating abnormality present on both thallium and gallium; and (4) Tl-Ga-, indicating the absence of abnormality on each scan. We devised a grading system for thallium since one had not previously existed for lung disease. The following scales were used to grade the pulmonary abnormalities for gallium13: 0, no pulmonary activity above softtissue background; 1, equivocal pulmonary activity; 2, increased pulmonary activity making the cardiac silhouette apparent, but less intense than the liver; 3, pulmonary activity equal to that of the liver; and 4, pulmonary activity greater than that of the liver. The scale for thallium is as follows: 0, no pulmonary activity above soft-tissue background; 1, equivocal pulmonary activity; 2, increased pulmonary activity relative to the right ventricle but less than the left making a negative image of the heart; 3, pulmonary activity intermediate between grades 2 and 4; and 4, pulmonary activity equal or greater than the heart. Discreet nodules or masses were read as per the isolated lesion. The parenchyma was not otherwise graded. A normal scan was defined as a reading of 0 or 1. An abnormal scan was defined as a grade of 2,3, or 4, indicating pulmonary abnormality. The scans were also compared with the CXR obtained at the time of hospital admission.
During this process, the medical workup proceeded in the attempt to establish a firm diagnosis. Identification of bacterial pathogens was made from culture of blood, sputum, or bronchoscopy specimens. A previously performed Gram stain on sputum smears identifying less than 25 polymorphonuclear leukocytes, greater than 10 epithelial cells, and the absence of a predominant organism served to eliminate poor specimens. Blood cultures were performed, using the Bactec 6A system. Sputum and bronchoscopy specimens were plated on thioglycolate agar.
Serologic studies were performed from serum obtained at the onset of infection and another between the second and third week. A fourfold or greater increase in antibody titer or a single diagnostic titer plus the presence of compatible clinical symptoms was accepted as evidence of recent infection. Complement fixation was used for Mycoplasma pneumoniae. The indirect fluorescent antibody technique was used for Legionella pneumophilia.
The determination of specific IgM and IgG in response to cytomegalovirus (CMV) and varicella was performed by enzymelinked immunosorbent assay in immunocompromised patients.
Sarcoidosis was diagnosed on the basis of a compatible clinical syndrome and biopsy findings of noncaseating epithelioid granuloma in the absence of an identifiable infectious process or foreign body. Lung tissue was obtained by transbronchial biopsy performed under fluoroscopic guidance. The serum level for angiotensin-converting enzyme was also determined.
Lung cancer, whether primary or secondary, was diagnosed in each case by either bronchoalveolar lavage (BAL) with appropriate cytologic study, transbronchial biopsy specimen, or thoracotomy.
The data were analyzed by the McNemar test; p<O.05 was considered to be significant.
RESULTS
During the study period, 51 patients were identified: 23 men and 28 women aged 16 to 83 years. Thallium was significantly more sensitive than gallium for the detection of pulmonary disease in the entire cohort (p=0.006). A specific diagnosis was established in 22 cases and a clinical diagnosis was established in 29. In the group of patients in whom a firm pathologic diagnosis was made, the thallium and gallium (T1+Ga+) were both positive in 14 of 22 (64%) and were both negative in 3 of 22 (14%) (Table 1). The thallium scan was found to be more sensitive (T1+Ga-) in 5 of 22 (22%) cases. There were no cases (0%) in which gallium was more sensitive (Tl-Ga+). Thallium identified 19 of 22 (86%) cases in which pulmonary disease was suspected and a firm diagnosis established. The three cases with pulmonary disease in which a firm diagnosis was made with both thallium and gallium negative included two patients with Pneumocystis carinii pneumonia (PCP) and one with Mycoplasma pneumonia.
Thallium was found to be more sensitive (Tl+Ga-) in 5 of 20 cases (p=0.06). These diagnoses included Klebsiella pneumonia, CMV pneumonitis, Legionella pneumonia, PCP, and Staphylococcus pneumonia associated with endocarditis. There were three patients with pneumonia who had no parenchymal disease identified by CXR. These included the patients with CMV, Legionella, and Mycoplasma. Thallium identified all three of these cases whereas gallium was negative for all three.
Thallium was then compared with gallium for each separate diagnosis (Table 1 ). There were nine cases of PCP (Fig 1) . The scans were concordant (Tl+Ga+ or TI-Ga-) in 8 of 9 (89%). The presence of disease by either study was determined in seven of ideal in imaging the chest. There is a prolonged delay, usually 72 h, from the time of injection to the time of diagnostic imaging to allow gallium to be cleared from normal lung and the blood pool. The relatively large photon energy of gallium exposes the patient and hospital personnel to a relatively larger dose of radiation, it prevents the performance of subsequent nuclear studies for about 2 weeks, and it limits studies to the use of stationary cameras. In contrast to gallium, nuclear imaging using thallium offers several advantages. Imaging is completed immediately as opposed to the typical 72-h delay imposed by gallium between injection and imaging. The much lower photon energy of thallium exposes the patient and hospital personnel to less radiation. The lower energy also allows subsequent nuclear imaging to be performed immediately, it Thallium-201 was designed for medical use because of its biologic resemblance to potassium. The similar size and charge allow the distribution of this radioisotope to follow that of potassium, the main intracellular cation.4 Imaging can be rapidly accomplished due to its rapid clearance from the blood with a half-life of less than 1 min.5 The use of thallium in imaging lung and heart disease differs in that in heart disease, ischemia is marked by decreased uptake whereas lung disease is marked by increased uptake. Ischemia may impair the Na-K pump leading to decreased cellular uptake and rapid elimination of the isotope. In contrast, expansion of the gap junctions in inflammatory sites renders the capillary endothelium leaky. Thallium would then be free to cross this membrane and would accumulate in the pericellular space from which excretion would inevitably be delayed. Gallium, which is similar in size and charge to ferric iron, has a mechanism of localization in infection and in tumor that is probably multifactorial. In addition to leakage at sites of increased vascular permeability, gallium 67 follows the movement of siderophores such ferritin, transferrin, and lactoferrin via incorporation into leukocytes or by direct bacterial uptake.19 '20 This small pilot study has shown that thallium and gallium are taken up with similar frequency, with a concordance of 76%. The degree of intensity is also CHEST / 107/2 / FEBRUARY, 1995 443 FIGURE 2. Scintigraphic studies in an HIV-positive patient admitted to the hospital for CMV retinitis but no respiratory symptoms. The posteroanterior CXR was read as increased interstitial markings but the chronicity was unclear due to the lack of symptoms. Pneumocystis carinii was subsequently recovered by transbronchial biopsy. Top (Fig 2) . She had no respiratory complaints and denied cough or dyspnea. Her CXR displayed an interstitial pattern bilaterally, although its chronicity was unclear since she had no clinical symptoms. The gallium scan was normal although the thallium scan was abnormal. Transbronchial lung biopsy specimen revealed P carinii that indicated acute infection and not commensalism as was previously thought.21 Thallium may thus also lead to the early diagnosis and treatment of PCP in patients with AIDS as was originally suggested for gallium 67. 22 Thallium scintigraphy may be ideally suited to the early detection of PCP when clinical symptoms and CXR may be equivocal. In nine documented cases of PCP, the scans were highly concordant (89%), with the sensitivity of thallium (78%) being greater than that of gallium (67%). The lower sensitivity of gallium in this study as compared with prior studies (94%) is probably due to our broader entry criteria that included patients receiving prophylaxis for or convalescing from infection with PCP.23 Thallium was additionally able to detect a case of PCP that was falsely negative by gallium scintigraphy. Thallium uptake by AIDS-related Kaposi's sarcoma involving the lung has also been suggested by study of a very small cohort of patients.24 This is in contrast to findings reported using 67Ga in HIV-positive patients where it was not found to be useful in localizing Kaposi's sarcoma in the lung. The ability to image thallium immediately and its much lower energy potential facilitates its use as a simple, quick outpatient diagnostic tool nearly as easy to obtain as a CXR. Concern has been expressed about possible delayed uptake or false-negative gallium scan results in leukopenic patients.25'26 A central mechanism of gal-lium localization involves the accumulation of lactoferrin-bound gallium that then migrates to the site of infection. This notable difficulty with the use of gallium can be circumvented by the use of thallium that does not rely on a fully intact immune system.
We have also begun to investigate the use of thallium in lung transplant recipients, both to detect infection and to differentiate it from rejection. A CXR is not sufficiently sensitive to detect lung disease for many opportunistic pathogens, one study finding no change from baseline in 60% of lung transplant recipients with CMV pneumonitis.27 These iatrogenically immunocompromised individuals also frequently have postthoracotomy pulmonary and pleural changes that make the detection of pulmonary infiltrates difficult to interpret. This preliminary study suggests that thallium is more sensitive than gallium for the detection of opportunistic pathogens such as PCP, CMV, and Legionella to which transplant patients are susceptible.
Thallium has been used to complement cardiac stress testing since 1975 when it was reported that the distribution of thallium uptake could distinguish between well-perfused and ischemic or scarred myocardium. 28 Increased pulmonary uptake of thallium was then observed to occur in patients with exerciseinduced left ventricular dysfunction.29'30 Thallium lung uptake has subsequently been used as a noninvasive method to evaluate the presence and extent of CAD,31'32 and has been compared with exercise multiple gated acquisition for this purpose.33 The thallium lung to heart ratio and the exercise to rest pulmonary blood volume ratio8 are altered by intrinsic pulmonary disease.18 This problem had been previously noted but remained a matter of speculation.30 The present study should help define those diseases that are associated with increased lung uptake of thallium and alter this ratio. Moreover, just as thallium uptake by the lungs during exercise in CAD has been shown to be of prognostic value, this may prove to be similarly true in primary lung disease and serve as a useful tool to monitor response to therapy.34 Finally, just as pattern reading of 67Ga scans has been suggested to be of diagnositic value in HIV-positive patients,27 similar comparisons may prove fruitful with the use of 201Th.35
